Objective: We aimed to detect the role of LINC00472 via regulating miR-24-3p and death effector domain-containing DNAbinding protein in lung adenocarcinoma. Methods: Long noncoding RNA, microRNA, and messenger RNA levels were determined using reverse transcription quantitative polymerase chain reaction. The expression of death effector domain-containing DNA-binding protein was determined using Western blot assay. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and colony formation assay were conducted to explore the proliferation of cells. The cell apoptosis was tested by flow cytometry assay. Target relationships between miR-24-3p, death effector domain-containing DNA-binding protein, and LINC00472 were validated by dual-luciferase reporter gene assay. Results: LINC00472 and death effector domain-containing DNA-binding protein were found to be underexpressed, whereas miR-24-3p was found overexpressed in lung adenocarcinoma cell lines and tissues. Both LINC00472 and death effector domain-containing DNA-binding protein can bind to miR-24-3p. Overexpression of LINC00472 led to higher death effector domain-containing DNA-binding protein level, demoting cell proliferation while promoting apoptosis. Overexpression of miR-24-3p reduced death effector domain-containing DNA-binding protein level, which facilitated cell proliferation and inhibited cell apoptosis, as well as to some extent restrained the effects of LINC00472. The high expression of miR-24-3p in tumor cells was negatively related to LINC00472 and death effector domain-containing DNAbinding protein, whereas the expression of LINC00472 and that of death effector domain-containing DNA-binding protein were positively correlated. Conclusion: Our findings suggested that LINC00472 contributed to the increase in lung adenocarcinoma cell apoptosis and the inhibition of proliferation via regulating miR-24-3p/DEDD, which might provide a novel insight into potential therapeutic approach for lung adenocarcinoma.
Introduction
Lung adenocarcinoma belongs to the category of non-small cell lung cancer (NSCLC). 1, 2 Lung adenocarcinoma is the most lethal disease among females and nonsmoking males worldly. 2, 3 At early stage, lung adenocarcinoma usually occurs in the peripheral region of the lungs and metastasizes to lymph nodes and other organs at late stage. 2, 3 Limitation in localized lung adenocarcinoma identification frequently blocks immediate radical resection treatment. 4 Study of molecular biomarkers and genetic abnormalities of lung adenocarcinoma will provide a new theoretical approach to diagnosis and clinical strategies. 2, 3 Noncoding RNAs (ncRNAs) function as candidate biomarkers of early neoplasia, among which long ncRNAs (lncRNAs), approximately 200 nucleotides long, have been less studied compared to small ncRNAs, for example, microRNAs (miRNAs). 5 Long ncRNAs have been reported to regulate gene expression and promote carcinogenesis via regulating activities of other RNA species. 5, 6 For instance, Lu et al reported that LNC00673 regulated NSCLC cell proliferation, migration, invasion, and epithelial-mesenchymal transition (EMT) by sponging miR-150-5p. 7 Long ncRNA XIST was considered to regulate miR-449a and Bcl-2 according to Zhang et al's study on human NSCLC cell lines. 8 There still remains a lot to investigate about the role of lncRNAs in lung adenocarcinoma. Previous work of Tian et al revealed a significant downregulating trend of LNC00472, a newly discovered lncRNA, in lung adenocarcinoma tissues, indicating its potential involvement in lung adenocarcinoma pathogenesis. 1 Various studies have affirmed the role of LINC00472 in human cancers. For instance, Shen et al verified LINC00472's probable influence on breast cancer cell proliferation and migration. 6 Fu et al also observed high expression of LINC00472 in epithelial ovarian cancer cell lines. 9 It is highly possible that LINC00472 could be critical for the investigation of the underlying molecular mechanism of lung adenocarcinoma pathogenesis.
Death effector domain-containing DNA-binding protein (DEDD) belongs to the family of death effector domaincontaining proteins and takes part in biological processes including cell cycle and mitosis. 10, 11 The DEDD has been regarded as a tumor repressor. For instance, Lv et al verified DEDD's suppressive role during breast cancer metastasis. 10 More recently, Yu and Jia have claimed similar findings on DEDD in bladder cancer tissues, in which DEDD was targeted by miR-24-3p. 12 However, there are scarce findings about DEDD involving in lung adenocarcinoma.
MiR-24-3p has long been regarded as a tumor suppressor in a variety of human cancers. 13 Yin et al demonstrated that miR-24-3p intervened colon cancer progression by promoting cell proliferation and suppressing apoptosis. 13 Respectively, miR-24-3p has been found to be upregulated in patients with NSCLC, as was supported by Franchina et al. 14 Zhao et al reported the regulation of miR-24 in NSCLC by targeting NAIF1. 15 It is thus highly prospective that miR-24-3p's targeting of DEDD could also be an appropriate factor in lung adenocarcinoma cell proliferation and apoptosis.
We detected the expression levels of LINC00472, DEDD, and miR-24-3p in lung adenocarcinoma tissues and cell lines. Cell proliferation and apoptosis assays were conducted to investigate the effects of LINC00472, DEDD, and miR-24-3p on cell proliferation and apoptosis. Our study may cast new light on the effective diagnosis and therapy method for lung adenocarcinoma.
Materials and Methods

Human Samples and Cell Culture
Human samples of lung adenocarcinoma tissue and matched adjacent normal tissue were obtained from 24 patients in Beijing Chest Hospital, Capital Medical University (Beijing Tuberculosis and Thoracic Tumor Research Institute), with informed written consents from all the patients. We have gained approval from the ethics committee of Beijing Chest Hospital, Capital Medical University (approval number: ChiECRCT-20160254). Lung adenocarcinoma cell lines used in this study included A549, H1299, H460, H446, and BEAS-2B. BEAS-2B is normal human lung epithelial cell line. All cell lines were purchased from ATCC (Manassas, Virginia) and were grown in RPMI-1640 with 10% fetal bovine serum (Haoranbio, Shanghai, China), 100 U/mL penicillin, and 100 mg/mL streptomycin (Beyotime, Suzhou, Jiangsu, China).
Cell Transfection
The overexpression vectors of LINC00472 and DEDD were constructed using pCDNA3.1 plasmids. LINC00472-pCDNA3.1 and DEDD-pCDNA3.1 vectors were constructed by Invitrogen (Carlsbad, California). The miR-24-3p mimics were purchased from Shanghai Integrated Biotech Solutions Co, Ltd (Shanghai, China). Lipofectamine 3000 transfection reagent (Invitrogen) was used for transfection.
Reverse Transcription Quantitative Polymerase Chain Reaction
Total RNA was extracted using TRIzol (Haoranbio). RNA was reverse-transcribed into complementary DNA (cDNA) using All-in-One First-Strand cDNA Synthesis Kit (Fansbio, Guangzhou, Guangdong, China). U6 small nuclear RNA (snRNA) was taken as an internal control. The primer sequences are provided in Table 1 (Sangon Biotech, Shanghai, China). The reverse 
Dual-Luciferase Reporter Assay
Site mutation method was used to generate wild-type (WT) and mutated-type (MUT) DEDD 3 0 untranslated region (UTR) and LINC00472, which were then amplified using PCR method. The sequences were subsequently inserted into pmir-GLO Dual-Luciferase miRNA Target Expression Vector (Promega, Madison, Wisconsin). They were seeded onto 24-well plates for plasmid cotransfection with constructed miR-24-3p mimics or negative control (NC) mimics. Firefly luciferase activity and Renilla luciferase activity were both measured 48 hours thereafter as instructed by the DualLuciferase Reporter Assay System. The ratio of firefly luciferase activity/Renilla luciferase activity was taken as the relative luciferase activity.
Western Blot
Proteins were separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred onto polyvinylidene difluoride membranes by electroblotting. Five percent skim milk was used to block the membranes, which were then incubated with primary and secondary antibodies subsequently. The primary antibodies were anti-DEDD antibody (ab203655, 1:1000, rabbit antihuman antibody; Abcam, Cambridge, Massachusetts) and anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody (ab9485, 1:2500, rabbit antihuman antibody). The secondary antibodies were horseradish peroxidase-labeled Immunoglobulin G (IgG) (ab6721, 1:2000, goat antirabbit IgG). After 10-minute Phosphate Buffered Saline with Tween (PBST) washing, proteins were visualized by Xray exposures with an enhanced chemiluminescent agent.
Proliferation and Apoptosis Assay
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) kit (Gefanbio, Shanghai, China) was used to test cell proliferation. Cells of exponential growth phase were grown in 96-well plates for 3 to 5 days. Subsequently, 20 mL of MTT (5 mg/mL) solution was added into each well 24, 48, 72, or 96 hours after transfection. After 4-hour incubation, the supernatant was removed before the addition of 200 mL dimethyl sulfoxide at 37 C. A 10-minute vibration was performed for the entire dissolution. A spectrophotometer was used to measure the absorbance at 490 nm. In terms of colony formation assay, H1299 and H460 cells of exponential growth phase were seeded into 6-well plates for about 10 days. Subsequently, the colonies were fixed in methanol for 20 minutes. Giemsa solution (M059; Gefanbio) was then added to the cell culture and incubated for another 20 minutes. The nude eye-visible colonies were counted. Cell apoptosis assay was conducted by flow cytometry. Annexin V-FITC/PI Detection Kit (Keygen, Nanjing, China) was used in this experiment. BD Accuri C6 flow cytometer (BD, Franklin Lakes, New Jersey) was used.
Statistical Analysis
Statistical analyses were done using GraphPad Prism v6.0 (GraphPad Software, Inc, La Jolla, California). The experimental figures were presented as mean (standard deviation) of different repetitions. Two-tail paired t tests were used to analyze the difference between 2 groups. A P value of <.05 was considered statistically significant.
Results
Reverse Transcription Quantitative Polymerase Chain Reaction Result Showed LINC00472, miR-24-3p, and DEDD Expression in Lung Adenocarcinoma Cells
Reverse transcription quantitative polymerase chain reaction results showed lower expressions of LINC00472 and DEDD Figure 1 . Differential expression of LINC00472, death effector domain-containing DNA-binding protein (DEDD), and miR-24-3p in lung adenocarcinoma and normal cell lines. A, The relative expression levels of LINC00472 in selected lung adenocarcinoma cell lines were lower than those in normal ones. B, The relative expression level of miR-24-3p in selected lung adenocarcinoma cell lines was higher than that in normal ones. C, The relative expression level of DEDD in selected lung adenocarcinoma cell lines was lower than that in normal ones. The data were shown in mean (SD) of 3 independent experiments. *P < .05, **P < .01 compared to the BEAS-2B cell line.
in A549, H1299, H460, and H446 tumor cells compared with normal human lung epithelial cell line BEAS-2B (P < .05, Figure 1A and C). The expression of miR-24-3p was higher in lung adenocarcinoma cell lines (A549, H1299, H460, and H446) than in their normal counterpart (BEAS-2B), as illustrated in Figure 1B (P < .05). H1299 and H460 were selected for further experiments.
miR-24-3p Was a Target of LINC00472 and Could Target DEDD To justify the relationship between miR-24-3p and LINC00472 as well as between miR-24-3p and DEDD, we transfected miR-24-3p mimics and NC mimics into H1299 and H460 cells. In both cell lines, transfection of miR-24-3p mimics significantly enhanced the expression of miR-24-3p (both P < .05; Figure 2A ). Sequences of LINC00472 WT, LINC00472 MUT, DEDD 3 0 -UTR WT, and DEDD 3 0 -UTR MUT are listed in Figure 2B . By comparing the luciferase activity of LINC00472 WT þ miR-24-3p mimics group and LINC00472 WT þ NC mimics group, we found significantly weaker luciferase activity in LINC00472 WT þ miR-24-3p mimics group. No significant difference was seen between LINC00472 MUT þ miR-24-3p mimics and LINC00472 MUT þ NC mimics group ( Figure 2C , left panel; P < .05). Similar findings were reported in the dual-luciferase reporter gene assay on DEDD and miR-24-3p. By comparing the luciferase activity of DEDD WT þ NC group and DEDD WT þ miR-24-3p mimics group, the luciferase activity of the latter group was significantly lower. Yet, there was no significant difference between DEDD MUT Figure 2 . The targeting relationship between LINC00472 and miR-24-3p as well as that between miR-24-3p and death effector domaincontaining DNA-binding protein (DEDD). A, The successful transfection of miR-24-3p mimics and miR-24-3p negative control (NC) in H1299 and H460 cell lines was confirmed using reverse transcription quantitative polymerase chain reaction (RT-qPCR) method. B, The sequences of wild-type (WT) LINC00472, miR-24-3p containing the binding site of WT LINC00472, and mutated-type (MUT) LINC00472 were given. Also, the sequences of WT DEDD, miR-24-3p containing the binding site of WT DEDD, and MUT DEDD were illustrated. C, Wild-type LINC00472, MUT LINC00472, DEDD WT, or DEDD MUT, transfected with miR-24-3p mimics or miR-24-3p NC, showed different luciferase activities in luciferase reporter gene assay. The luciferase activity of both LINC00472 WT þ miR-24-3p mimics group and DEDD WT þ miR-24-3p mimics group was comparatively lower. *P < .05, **P < .01 compared to the NC mimics group. Figure 3 . The effect of LINC00472 and miR-24-3p on death effector domain-containing DNA-binding protein (DEDD) expression and cell proliferation. A, The Western blot assay results reflected relative DEDD expression in response to cotransfection of LINC00472-pCDNA3.1 or pCDNA3.1 and miR-24-3p mimics or miR-24-3p NC in H1299 and H460 cells. Overexpressed LINC00472 led to higher DEDD expression, yet miR-24-3p mimics led to lower expression and impaired LINC00472's effect. B, The MTT assay results revealed the proliferation of H1299 and H460 cell lines in response to cotransfection of LINC00472-pCDNA3.1 or pCDNA3.1 and miR-24-3p mimics or miR-24-3p NC. Overexpressed LINC00472 suppressed cell proliferation, but miR-24-3p mimics facilitated cell proliferation and weakened the suppressive effect. C, The colony formation assay results revealed the proliferation pattern of H1299 and H460 in response to cotransfection with LINC00472-pCDNA3.1 or pCDNA3.1 and miR-24-3p mimics or miR-24-3p NC. LINC00472 overexpression inhibited cell proliferation, while overexpressed miR-24-3p acted as a facilitator and retarded the LINC00472-induced trend. Data were shown as mean (SD) of 3 independent experiments. *P < .05, **P < .01 compared to the mock group. NC indicates negative control.
þ miR-24-3p mimics group and DEDD MUT þ NC mimics group ( Figure 2C , right panel; P < .01). To sum up, miR-24-3p was a target of LINC00472 and could target DEDD.
LINC00472 Suppressed Lung Adenocarcinoma Cell Proliferation and Promoted Apoptosis by Regulating miR-24-3p
To verify the effects of LINC00472 and miR-24-3p on lung adenocarcinoma cell proliferation and apoptosis, the overexpression vector of LINC00472, LINC00472-pCDNA3.1, was constructed. Then it was cotransfected with miR-24-3p mimics or miR-24-3p NC into H1299 or H460 cells. In both cell lines, miR-24-3p mimics inhibited whereas LINC00472 promoted DEDD expression comparing with the mock group. At the same time, miR-24-3p overexpression reversed the promotion effects of LINC00472 ( Figure 3A) . The results from MTT and colony formation assays implied that LINC00472-pCDNA3.1 suppressed the proliferation of lung adenocarcinoma cells, yet miR-24-3p mimics facilitated it, which to some extent weakened LINC00472's effect ( Figure 3B , P < .05; Figure 3C , P < .01). In Figure 4A and B, results of flow cytometry assay reflected that LINC00472 overexpression led to raised cell apoptosis rate, whereas miR-24-3p mimics lowered it. Besides, when both molecules were transfected into the cells, the promoting effects of miR-24-3p were reversed. In summary, LINC00472 expression was an effective suppressor of lung adenocarcinoma cell proliferation and a promising promotor of apoptosis via directly regulating miR-24-3p. The effect of LINC00472 and miR-24-3p on cell apoptosis. A and B, Flow cytometry assay was applied to investigate the apoptosis of H1299 and H460 cells in response to cotransfection with LINC00472-pCDNA3.1 or pCDNA3.1 and miR-24-3p mimics or miR-24-3p negative control (NC). In the LINC00472-pCDNA3.1 group, the apoptosis rate was higher, whereas the miR-24-3p mimics repressed cell apoptosis and prevented an accelerated apoptosis rate initiated by LINC00472. *P < .05, **P < .01 compared to the mock group. 
Overexpression of DEDD Inhibited Lung Adenocarcinoma Cell Proliferation and Promoted Apoptosis
To study DEDD's influence on lung adenocarcinoma cells, DEDD overexpression vectors (DEDD-pCDNA3.1) were constructed and transfected into H460 and H1299 cells. We firstly confirmed the successful transfection of DEDD overexpression plasmids in both cell lines (P < .05, Figure 5A and B). In MTT and colony formation assays, we found that the proliferation of H1299 and H460 cells transfected with DEDD-pCDNA3.1 was significantly weaker compared with the mock group (Figure 5C and D; P < .05). On the other hand, DEDD overexpression was found to promote cell apoptosis. In Figure 6A and B, we could see that the DEDD-pCDNA3.1 group was characterized by considerably smaller colony numbers (P < .01). Thus, DEDD hindered the proliferation but promoted apoptosis of lung adenocarcinoma cells.
LINC00472, DEDD, and miR-24-3p Expression Levels Were Linearly Correlated
LINC00472 and DEDD were of lower expression levels in tumorous tissues than in normal tissues. miR-24-3p was of higher level in tumorous tissues than in normal tissues ( Figure 7A ; P < .01). Figure 7B revealed the linear relationship between relative expression levels of LINC00472, DEDD, and miR-24-3p. A positive correlation between LINC00472 and DEDD was observed in the upper right panel (P < .01). There was a chance that miR-24-3p level was in inverse correlation with LINC00472 and DEDD levels (middle right and lower right panels, respectively, P < .05). These findings indicated that LINC00472 and DEDD were positively related and that miR-24-3p was negatively correlated with the expression of LINC00472 and DEDD.
Discussion
In this study, lower expression levels of LINC00472 and DEDD along with overexpressed miR-24-3p were observed in both lung adenocarcinoma cell lines and tumor tissues. MiR-24-3p was a target of LINC00472 and directly targeted DEDD. The expression level of miR-24-3p was negatively correlated with that of LINC00472 and DEDD. Forced overexpression of LINC00472 led to the decrease in lung adenocarcinoma cell proliferation and the increase in apoptosis by sponging more miR-24-3p, thus releasing more DEDD.
Previous studies have verified that the expression level of LINC00472 was lower in lung adenocarcinoma cells than in normal ones. For instance, Sui et al claimed the lower level of LINC00472 in lung adenocarcinoma tissues. 3 Aside from our findings, lower DEDD expression was also detected in breast cancer, liver cancer, colon cancer, and other cancer cell lines. 10 On the other hand, however, within some restricted tumor type, miR-24-3p was found to be downregulated. Downregulation of miR-24-3p was argued by Gao et al and Yin et al in colon cancer. 13 Yet miR-24-3p overexpression was frequently observed in lung cancers such as NSCLC according to Zhao et al and Franchina et al. 14, 15 As lung adenocarcinoma is regarded as one kind of NSCLC, our results coincided with the current documentations of miR-24-3p.
Our present results also corroborated that LINC00472 overexpression could inhibit lung adenocarcinoma cell proliferation and induce apoptosis, which was consistent with related findings about LINC00472 in other tumors. For instance, Shen et al pointed out that LINC00472 retarded cell proliferation and aggression of breast neoplasm in vivo and in vitro. 6 Moreover, the overexpression of LINC00472 was found in early-stage and low-grade epithelial ovarian cancer, which from another aspect implied its tumor inhibitory role. 9 As for LINC00472 involvement in tumor cell apoptosis, there was no direct evidence from previous researches. Our results showed that LINC00472 overexpression promoted cell apoptosis rate, suggesting its potential tumor suppressor role.
Binding relationship between miR-24-3p and LINC00472 as well as between miR-24-3p and DEDD was affirmed by our study, which helps to further understand LINC00472's suppression of lung adenocarcinoma progression by interacting with miR-24-3p and DEDD. LINC00472 and DEDD expression levels were found to be positively correlated. The upregulation of LINC00472 resulted in higher DEDD expression level, which tended to be reduced under the condition that miR-24-3p was overexpressed. Therefore, the regulation of LINC00472 on DEDD was miR-24-3p meditated. This echoed with the conclusion that miR-24-3p targeted DEDD in bladder cancer. 12 On the other hand, there are various studies on how aberrant expression of DEDD regulated tumorigenesis. Xue et al claimed that DEDD retarded tumor cell invasiveness by interacting with Smad3. 11 Lv et al reported similar findings about DEDD in human breast and colon cancers that DEDD regulated cancer development by regulating EMT. 10 Via miR-24-3p, LINC00472 prevented lung adenocarcinoma progression by elevating DEDD level, which led to suppressed lung adenocarcinoma cell proliferation and enhanced apoptosis.
Limitations still are to be taken into serious consideration in our study. For example, although our present study provided indirect evidence for the negative correlation between LNC00472 and miR-24-3p expression level, the regulating mechanism between LNC00472 and miR-24-3p in lung adenocarcinoma tissues or cells could be further investigated in future experiments so as to verify the present conclusion. In addition, a small number of patients were involved in the current study, which was also a drawback. A larger cohort will be taken into consideration in our further studies. Above all, we made a successful attempt to investigate how lncRNA and miRNA participated in lung adenocarcinoma progression along with DEDD.
Conclusion
LINC00472 was underexpressed in lung adenocarcinoma cells and acted as a negative regulator of lung adenocarcinoma progression via interaction with DEDD and miR-24-3p. LINC00472 upregulation led to higher DEDD expression level, whereas this process could be reversed by miR-24-3p overexpression. In conclusion, by sponging miR-24-3p, LINC00472 ensured higher DEDD expression level so as to inhibit lung adenocarcinoma cell proliferation and induce apoptosis.
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